
CORRESPONDENCE • JID 2005:192 (1 December) • 2027

1 D E C E M B E R

Correspondence
Internationally Recognized
Antimicrobial Susceptibility
Testing Methods
and Interpretive Criteria:
The Case for Conformity

To the Editor—The article by Helms et

al. [1] raises a fundamental issue on the

use of antimicrobial susceptibility testing,

one that is crucial to the entire study. Bac-

terial isolates from patients are usually

tested in clinical microbiology laborato-

ries that use internationally recognized an-

timicrobial susceptibility testing methods,

such as those of the Clinical and Labo-

ratory Standards Institute (CLSI; formerly

known as the NCCLS) or the European

Committee on Antimicrobial Susceptibil-

ity Testing (EUCAST) (available at: http://

www.clsi.org and http://www.eucast.org).

These organizations have experts who

have established guidelines for appropri-

ate antimicrobial susceptibility testing

methods, quality control parameters for

specific antibiotics and reference strains,

and interpretive criteria that relate to

clinical treatment outcomes. Use of these

methods and criteria assures that testing

is performed and results are interpreted

appropriately. When another method is

used and results are interpreted by other

means, questions arise about the rela-

tionship of that method to the interna-

tionally recognized standard. In the case

of the study by Helms et al., neither the

CLSI nor the EUCAST antimicrobial sus-

ceptibility testing method was used. The

result is that the classification of their

clinical isolates as resistant was not fun-

damentally substantiated, thereby lead-

ing to questions about the relevance of

their subsequent clinical analyses.

Specifically, the key issue is that a com-

pany-specific antimicrobial susceptibility

testing method was used to classify an iso-

late as resistant. Susceptibility testing was

performed by the tablet diffusion method

with Neo-Sensitabs (Rosco). This method

differs from the globally recognized CLSI

disk diffusion method [2] in several im-

portant ways. First, the tablets contain

higher concentrations of drug than do the

standard paper disks used in CLSI tests,

resulting in larger zones of growth inhi-

bition and making comparisons between

the methods problematic. Second, quality

control parameters for antibiotics are de-

veloped in a defined multilaboratory study

and established by consensus of the CLSI

subcommittee on antimicrobial suscepti-

bility testing; however, these cannot be ap-

plied to the tablet diffusion test. Third, the

CLSI subcommittee establishes interpre-

tive criteria for classification of isolates

as susceptible, intermediate, or resistant

by evaluation of clinical outcome data,

pharmacokinetic/pharmacodynamic da-

ta, and scattergram (MIC:zone) data [3].

Campylobacter susceptibility testing

has only recently been standardized by

the CLSI. To date, only agar dilution and

broth dilution have had methods and

quality control parameters established

[4, 5]. Disk diffusion methods remain

problematic; thus, neither a standardized

method nor quality control parameters

have been established by the CLSI. Illus-

trating this point, a comparison of the E-

test (which relies on drug diffusion into

the agar) and the agar dilution reference

method showed noncongruent outcomes

for some antibiotics, in particular for nal-

idixic acid [6]. Thus, the use of disk and,

by extension, tablet diffusion testing has

not been validated for campylobacter.

In the study by Helms et al., the Neo-

Sensitab tablet diffusion method was used

to determine resistance to erythromycin

and nalidixic acid. The authors used a

zone-of-inhibition diameter of !27 mm

as their interpretive criterion for resis-

tance. However, the Neo-Sensitab prod-

uct information brochure [7] states that

the manufacturer’s interpretive criteria for

campylobacter resistance are actually !18

mm for nalidixic acid and �20 mm for

erythromycin. This unexplained discrep-

ancy in the authors’ choice of using a zone

size larger than that of the manufacturer

would likely lead to more isolates being

classified as resistant. Thus, there is the

distinct possibility that isolates classified

as resistant to either of the 2 antibiotics

may, in fact, not be resistant.

Finally, there are no CLSI interpretive

criteria available for any antibiotics used

to treat campylobacteriosis. For conven-

ience, classification of campylobacter iso-

lates as susceptible, intermediate, or resis-

tant is sometimes based on breakpoints

established for Enterobacteriaceae. How-

ever, there is no medical or microbiolog-

ical evidence that validates this extrapo-

lation. The brochure for Neo-Sensitabs

shows a regression analysis comparing

zone-of-inhibition diameters that demon-

strates that it is mathematically possible

to extrapolate a MIC. However, this com-

pany-specific evaluation does not appear

to have been established on the basis of

clinical data; thus, it is of uncertain value.

Regardless of the classification of isolates

as resistant or not, Helms et al. should

have confirmed the in vitro disk diffusion

results via standardized dilution testing,

to verify that the isolates classified as re-

sistant did indeed have MICs higher than

those that were classified as susceptible.

The use of internationally recognized

susceptibility testing methods and inter-

pretive criteria are essential for determin-

ing whether an isolate should be classified

as resistant. In the case of the study by

Helms et al., because the underlying clas-

sification of some campylobacter isolates

as resistant to erythromycin and/or nali-
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Table 1. No. of cases of invasive illness or death among 3471 patients with Campylobacter infection and odds ratios (ORs) for
invasive illness or death within 30 and 90 days of the date of receipt of samples, according to resistance profile—Denmark, 1996–
2000.

Profile

0–30 days 0–90 days

No. of
adverse
eventsa/
no. alive

OR (95% CI)

No. of
adverse
eventsa/
no. alive

OR (95% CI)

Crude Adjustedb Crude Adjustedb

Resistant to
Quinolone only 4/678 3.98 (1.15–13.78) 4.48 (1.23–16.30) 4/678 1.98 (0.68–5.83) 2.70 (0.85–8.54)
Erythromycin only 2/65 17.01 (3.24–89.32) 6.08 (0.67–55.48) 4/65 22.26 (7.38–67.11) 8.60 (1.86–39.77)
Quinolone and erythromycin 1/43 12.75 (1.46–111.5) 3.24 (0.22–48.63) 3/43 13.03 (2.77–61.34) 1.87 (0.22–15.92)

Susceptible to quinolone
and erythromycin 4/2685 1.00 1.00 9/2685 1.00 1.00

Total 11/3471 20/3471

NOTE. Breakpoints for resistance were !18 mm for nalidixic acid and �20 mm for erythromycin. CI, confidence interval.
a Cases of invasive illness or death.
b Adjusted for age, sex, and comorbidity.

dixic acid is open to question for techni-

cal reasons, it follows that the subsequent

clinical analyses in the study should be

viewed with caution.

Thomas R. Shryock

Elanco Animal Health, Greenfield, Indiana
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Reply to Shryock

To the Editor—Quinolones stop bacterial

cell growth by inhibiting DNA replication

and transcription through alterations in

DNA gyrase and topoisomerase IV, reduc-

tion of permeability, or expression of efflux

pumps. Quinolone resistance in Campy-

lobacter jejuni and C. coli arises most of-

ten through single-point chromosomal

mutations in the gyrA gene, which en-

codes DNA gyrase [1–3]. A single-point

chromosomal mutation, often found at

aa 86 (threonine) in the gyrA gene, results

in high-level resistance to nalidixic acid

(MIC, 64–128 mg/mL) and ciprofloxacin

(MIC, 16–64 mg/mL). This means that,

in most situations, it is easy to pheno-

typically distinguish between quinolone-

resistant and quinolone-susceptible C.

jejuni and C. coli isolates on the basis

of zone diameters, because resistant and

susceptible isolates represent 2 distinct

populations of bacteria. The !27-mm

breakpoint for quinolone resistance was

established by the Danish Integrated An-

timicrobial Resistance and Monitoring

and Research Programme (DANMAP) in

2000 [4]. This was several years before

the Clinical and Laboratory Standards

Institute (CLSI; formerly known as the

NCCLS) established breakpoints for cam-

pylobacter and Rosco published its CLSI

!18-mm breakpoint for nalidixic acid for

use with Neo-Sensitabs [5, 6]. To check

whether this difference in breakpoint

would modify our results, we reanalyzed

our data with the CLSI !18-mm break-

point for nalidixic acid. A total of 90

(2.6%) of the 3471 isolates in our study

had a zone diameter between 18 and 26

mm and were reclassified as quinolone

susceptible according to the CLSI break-

point, including 2 isolates from patients

with adverse health events. According to

Rosco’s recommendation, isolates with a

zone diameter !16 mm should be clas-

sified as resistant, and isolates with a zone

diameter �18 mm should be classified as

susceptible. In this analysis, 12 and 9

strains with a zone diameter of 16 and

17 mm, respectively, were classified as re-



CORRESPONDENCE • JID 2005:192 (1 December) • 2029

sistant; none of these strains were asso-

ciated with adverse health effects. Within

30 days of the date of receipt of samples,

the patients infected with a campylobac-

ter isolate resistant to quinolone only had

a 4.48 times (95% confidence interval

[CI], 1.23–16.30 times) higher risk of in-

vasive illness or death than did the pa-

tients infected with a quinolone- and

erythromycin-susceptible isolate (table 1).

This result is in the same range as that

obtained when the DANMAP 27-mm

breakpoint was used.

Macrolides bind irreversibly to the bac-

terial ribosome, which results in inhibition

of protein synthesis. Chromosomal mu-

tations in the gene encoding 23S rRNA

are often responsible for erythromycin re-

sistance [3]. These mutations result in

substantial changes in erythromycin sus-

ceptibility, and, as is the case for quino-

lones, erythromycin-resistant and -suscep-

tible isolates represent distinct populations

of bacteria. As we did for quinolones, we

reanalyzed our data in a model in which

only isolates with an inhibition zone �20

mm (the CLSI breakpoint) were consid-

ered to be resistant to erythromycin, not

those with an inhibition zone !27 mm

(the DANMAP breakpoint). This resulted

in reclassifying 77 (2.2%) isolates as sus-

ceptible; there were no isolates from pa-

tients with adverse health events in this

group. Within 90 days of the date of re-

ceipt of samples, the patients infected with

an erythromycin-resistant campylobacter

strain had an 8.60 times (95% CI, 1.86–

39.77 times) higher risk of invasive illness

or death than did the patients infected

with a quinolone- and erythromycin-sus-

ceptible strain (table 1).

In conclusion, we thank Shryock for his

letter [7] and his interest in our work. We

agree that it is important to use inter-

nationally recognized susceptibility stan-

dards, such as those of the CLSI. However,

the classification of isolates was robust to

the choice of breakpoints, because the

conclusions of our study were not mod-

ified by a change from the DANMAP

breakpoints to the Rosco recommenda-

tions for zone diameter interpretative cri-

teria according to CLSI recommendations.
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Salmonella Serotype
Typhimurium, Not
Antimicrobial Resistance
Per Se, Is Associated
with Excess Bloodstream
Infections and
Hospitalizations

To the Editor—Varma et al. [1] recently

conducted a study to determine whether

infections caused by antimicrobial-resis-

tant nontyphoidal Salmonella strains are

more likely than infections caused by sus-

ceptible strains to result in bloodstream

infection and hospitalization. They con-

cluded that this is, indeed, the case and

that mitigation of antimicrobial resistance

in Salmonella is likely to benefit human

health. However, we believe that these im-

portant conclusions are not justified by the

data and analyses presented.

First, it is not clear that the hypothe-

sized causal chain from resistance to

bloodstream invasion to hospitalization

favored by Varma et al. provides a correct

interpretation of the data. An alternative

hypothesis is that bloodstream invasion

(perhaps associated with an underlying

predisposition in hospitalized patients, as

Varma et al. note) leads to increased re-

sistance as a consequence of therapy and

then to adverse health consequences, in-

cluding spread among patients, as is known

to occur with salmonellosis among very

young patients and elderly patients in

hospitals and similar institutions. Sim-

ilarly, excess morbidity and mortality

might be expected in patients with long

and/or repeated hospitalization, inde-

pendent of resistance. In this case, con-

trary to Varma et al.’s main conclusion,

mitigating resistance may have little or

no impact on reducing these adverse

health outcomes, which are associated

with hospitalization (and, hence, with re-

sistance) but are caused by severe under-

lying illnesses. Unfortunately, the data re-

ported by Varma et al. do not indicate

which model is correct, because they do

not include the reasons for the patients

being admitted to the hospital, where

their salmonella infection was acquired,
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or at what stage resistance was acquired,

nor do we know whether there are, in-

deed, any excess adverse consequences.

Second, Varma et al. do not discuss

which specific serotypes are involved in

resistant infection. However, we calculate,

on the basis of other National Antimicro-

bial Resistance Monitoring System data

(available at: http://www.cdc.gov/narms/

annual/2000/tables/table_8.htm), that it is

probable that most of the resistant strains

were, in fact, Salmonella serotype Typhi-

murium. Among several thousand non-

typhoidal salmonella isolates examined in

2000, 56% of those resistant to 11 anti-

biotic—and 80% of those resistant to 15

antibiotics—belonged to the Typhimuri-

um serotype. Varma et al. state that the

association among resistance, bloodstream

infection, and hospitalization was partic-

ularly strong for patients infected with Sal-

monella Typhimurium, but they provide

no clear factual support for this or for their

belief that this association is not fully ex-

plained by the fact that all 3 events are

associated with Salmonella Typhimurium.

Although a database including only 56 as-

certained hospitalized patients (their table

4) with bloodstream salmonella infection

is admittedly limited, we believe that what

Varma et al. have probably shown is no

more than that antimicrobial-resistantand

possibly more virulent Salmonella Typhi-

murium is associated with excess blood-

stream infections and hospitalizations for

nontyphoidal salmonella infection. Thus,

more-general conclusions that “policies

that reduce the antimicrobial resistance of

Salmonella” (p. 561) are likely to have sig-

nificant human health benefits or to help

effectively control pandemicinfectioncaused

by related multidrug-resistant clones of

this serotype do not appear to be war-

ranted. To the contrary, a more sound

understanding of the causal relationship

among statistically associated outcomes

is essential to the development of inter-

vention strategies that have a high prob-

ability of being effective in producing in-

tended results.
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Reply to Cox and Phillips

To the Editor—In our study [1] analyzing

data from 2 national surveillance systems,

we found that patients with antimicrobial-

resistant nontyphoidal Salmonella infec-

tion were more likely to have bloodstream

infection and to be hospitalized than were

patients with pansusceptible Salmonella

infection. Furthermore, among patients

with the most common serotype, Salmo-

nella serotype Typhimurium, the associa-

tion among resistance, bloodstream infec-

tion, and hospitalization was particularly

strong.

Cox and Phillips [2] apparently do not

dispute these findings but object to the

assumption that the emergence of resis-

tance in nontyphoidal Salmonella is pri-

marily a consequence of selective pressure

associated with the use of antimicrobial

agents in food animals. Despite the wide-

spread endorsement of this assumption by

the scientific community [3, 4], Cox and

Phillips offer an alternative hypothesis

for the emergence of resistance in non-

typhoidal Salmonella: the use of antimi-

crobial agents in humans. Cox and Phillips

suggest that the observed association be-

tween increased antimicrobial resistance

and the increased frequency of blood-

stream infection is a result of patients with

bloodstream infection being more likely to

receive antimicrobial therapy, and this pu-

tative increased use of antimicrobial ther-

apy results in increased resistance. In this

scenario, patients are first infected with a

susceptible nontyphoidal Salmonella strain,

then treated with antimicrobial agents;

the strain becomes resistant as a conse-

quence of the antimicrobial therapy in

the patients, and then the resistant strain

is further transmitted nosocomially, pri-

marily person to person.

Although events comparable to the Cox

and Phillips scenario have been occasion-

ally described as a source of resistant

strains, it is a rare occurrence with non-

typhoidal Salmonella; the emergence of

resistance in Salmonella during treatment

in humans does not occur frequently [5,

6], and nosocomial transmission of non-

typhoidal Salmonella is rare in the Unit-

ed States [7]. Investigations of outbreaks

have found that, when patients are in-

fected with antimicrobial-resistant Salmo-

nella, the strain of Salmonella is already

resistant when it infects the patients. In

foodborne disease–outbreak investigations

involving antimicrobial-resistant non-

typhoidal Salmonella, for example, the

antimicrobial resistance patterns of Sal-

monella isolated from patients and con-

taminated food that caused the outbreak

typically match [8].

Furthermore, because antimicrobial

therapy is common for patients with Sal-

monella who seek medical attention, pa-

tients with severe (i.e., bloodstream) in-

fection may not be more likely than other

patients with laboratory-confirmed in-

fection to receive antimicrobial therapy.

In a recent case-control study of 215 pa-

tients with sporadic laboratory-confirmed

Salmonella serotype Newport infection,

for example, more than two-thirds of pa-

tients were treated with antimicrobial
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agents, and patients with severe infection

were not more likely than patients with

less severe infection to receive antimicro-

bial therapy [9]. Also noteworthy in that

study is that 56% of the patients who

received antimicrobial therapy received

fluoroquinolones, yet none of the isolates

were quinolone resistant [9].

Finally, the temporal relationship be-

tween the collection of the specimen that

yielded Salmonella and the initiation of

antimicrobial therapy indicates that, when

patients are infected with antimicrobial-

resistant Salmonella, in almost all instances

the strain of Salmonella is already resistant

when it infects the patient. In the Sal-

monella Newport case-control study, of

the 131 patients for whom both date of

specimen collection and date of initiation

of antimicrobial therapy were reported,

83% began antimicrobial therapy �1 day

after specimen collection, 3% began ther-

apy on the day of specimen collection, 5%

began therapy 1 day before specimen col-

lection, and only 9% began therapy 11 day

before specimen collection (Centers for

Disease Control and Prevention, unpub-

lished data).

Cox and Phillips also suggest that our

findings may have been a consequence of

a limited number of more virulent Sal-

monella Typhimurium strains. We con-

trolled for Salmonella serotype in our mul-

tivariable analysis, however, and found an

association between resistance and an in-

creased frequency of bloodstream infec-

tion and hospitalization. These analyses

indicate that, although our findings are

particularly strong among Typhimurium

strains, they are not limited to Typhi-

murium.

We agree that continued surveillance

and research are needed to more fully un-

derstand the complex epidemiology of

Salmonella. However, our findings and

those of other researchers [10] provide

strong evidence that antimicrobial resis-

tance among nontyphoidal Salmonella is

associated with increased human health

consequences. We find it necessary, there-

fore, to reiterate our conclusion that pol-

icies that reduce the antimicrobial resis-

tance of Salmonella are likely to benefit

human health. Because antimicrobial re-

sistance in nontyphoidal Salmonella is

primarily a consequence of use of anti-

microbial agents in food animals, these

policies need to include a reduction in

the overuse and misuse of antimicrobial

agents in food animals.
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